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ABSTRACT
BACKGROUND: Clinical examination of the liver requires experience to achieve accuracy. The scratch 
test is a simple technique to identify the lower liver edge and enhance liver palpation, and may be easier 
for trainees. 
AIM: We aimed to evaluate the accuracy of the scratch test compared to percussion at di erent levels of 
medical training. 
METHOD: Eight examiners, from trainee intern to consultant level, were randomised to scratch or percussion 
testing, followed by liver palpation, on 50 subjects. Later, each examiner performed the alternative test on 
each subject. Confidence with each test was rated 0–3 (unsuccessful–very confident). Ultrasound scan (US) 
was performed as a reference for liver location. 
RESULTS: Ultrasound revealed 33/50 (66%) of livers extended below the right costal margin in the 
midclavicular line during quiet respiration (range 0.5–16cm). Of these, 33, 87% and 76% were identified 
within 2cm of the US location using scratch and percussion tests, respectively (p>0.05) for all examiners, 
but with significantly greater accuracy for the scratch test in young trainees (91% v 75%; p=0.016). Ability 
to palpate the liver was not di erent following either test. The training e ect was assessed by comparing 
the accuracy results of the first 25 with the last 25 examined subjects, revealing a significant increase in 
accuracy with percussion from 71% to 85% (p=0.038) compared to no change with the scratch test (88% 
and 86%). 
Examiner confidence in the test result was significantly higher using the scratch test versus percussion, 
average confidence scores being 2.2 versus 1.8 (p<0.001), with a greater di erence in the young trainee 
group at 2.4 versus 1.7 (p<0.001). 
CONCLUSION: The scratch test was at least as accurate as percussion overall in identifying the lower liver 
edge and significantly more accurate for the young trainees. The scratch test requires less training and in 
addition, all examiners and especially the young trainees were significantly more confident in their findings 
using the scratch test. 
ARTICLE
54 NZMJ 2 December 2016, Vol 129 No 1446ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal
The liver examination performed with 
percussion and palpation requires expe-
rience and remains challenging for young 
trainees. Clinical liver span estimations with 
percussion are problematic due to signiﬁ cant 
underestimation of size and poor inter-ex-
aminer agreement that largely relates to 
variation in estimation of the upper liver 
border.1–3 Furthermore, clinical liver span 
correlates poorly with liver volume in the 
absence of liver disease.4 The ability to 
identify and palpate the lower liver edge 
(LLE) however, remains of clinical relevance 
as it allows the examiner to gain information 
regarding liver size and consistency. 
Our local experience suggested that a 
different method for identifying the lower 
liver edge, known as the scratch test, would 
be easier for trainees and enhance success 
with liver palpation. The scratch test is a 
simple technique that was ﬁ rst described in 
principle in the early 20th century.5 However, 
until now there has been insuﬃ  cient 
evidence to deﬁ ne its role in the clinical 
examination of the liver. 
We therefore aimed to evaluate the 
accuracy of the scratch test in a randomised 
controlled trial and compare with the current 
clinical standard of liver examination by 
percussion, both followed by palpation. 
Method
Study design
This was a single centre randomised 
controlled study conducted in a tertiary 
hospital in New Zealand. The regional Ethics 
Committee approved the study protocol 
and written informed consent was obtained 
from each participant before enrolment in 
March and April 2012. 
All authors had substantial roles in the 
design and/or execution of the study. The 
data was analysed by the ﬁ rst author with 
the assistance of a statistician. 
Participants
The 50 study subjects were inpatients 
and outpatients of the General Medicine 
and Gastroenterology Departments at 
Christchurch Hospital, New Zealand, as 
well as staff members from Christchurch 
Hospital, and all were over the age of 16 
years. Exclusion criteria were pregnancy, 
recent abdominal surgery, abdominal pain, 
inability to lie supine for 30 minutes and 
inability to fast for three hours prior to, and 
during the two hours of the study. 
Demographic data collected included 
subject age, gender, weight and height.
Study protocol
The 50 subjects were examined in groups 
of 10 on ﬁ ve study days. There were eight 
examiners at different levels in their 
medical career, including two trainee 
interns (ﬁ nal year medical students), 
two house surgeons, two registrars, one 
consultant gastroenterologist and one 
consultant physician. All examined on each 
study day, examining all subjects twice. 
All examiners had formal training in 
liver percussion and palpation during their 
medical career.6 The scratch test technique 
was introduced as follows: the young trainees 
underwent three 30-minute bedside teaching 
sessions, the registrars were familiar with the 
technique due to previous exposure and a 
pilot study, and both consultants underwent 
one 20-minute training session. 
For the scratch test, the stethoscope was 
placed directly below the xiphoid. Then light 
strokes were performed with the tip of the 
index ﬁ nger passed across the right midcla-
vicular line (MCL) starting above the right 
costal margin (RCM) and moving inferiorly 
to identify a signiﬁ cant reduction of the 
auscultated ‘scratch’ noise. This location was 
assumed to correlate with the LLE position. 
The percussion method was performed 
along the MCL only to identify the LLE. All 
participants were positioned supine and 
marked as demonstrated (Figure 1). 
An independent person performed subject 
randomisation. On each study occasion, 
subjects and examiners were allocated 
randomly to one of 10 examination cubicles 
and examinations started simultaneously. All 
examiners switched cubicles every two and 
a half minutes for ﬁ ve examinations, with 
the randomly allocated scratch or percussion 
test followed by palpation, and then the 
alternative test followed by palpation was 
performed for the remaining ﬁ ve subjects. 
After a 30-minute break, the system was 
repeated with percussion and scratch tests 
reversed so that all subjects were examined 
by both methods by each examiner. 
Measurements with scratch and 
percussion tests were documented on 
examination during quiet respiration and 
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on maximum inspiration. Conﬁ dence with 
the test result was graded on a scale from 
0–3 (0=unsuccessful, 1=unsure, 2=conﬁ dent, 
3=very conﬁ dent). Liver palpation was 
graded on a scale from 0–3 (0=not palpated, 
1=unsure, 2=palpated, but no details, 
3=palpated and able to feel details of liver 
rim and surface). In cases of successful liver 
palpation the examiners documented the 
position of the LLE and graded the help-
fulness of the clinical test towards palpating 
the liver on a scale from 0–3 (0=confusing, 
1=not helpful, 2=helpful, 3=exact position). 
Directly following the clinical examination 
session, all participants underwent ultra-
sound examination (US) (Siemens Acuson 
Antares PE, model number 10032746 with 
a 4-1 MHz curved array transducer using 
the manufacturer abdominal preset) by 
an advanced radiology trainee competent 
in ultrasound and blinded to the clinical 
test results. The liver location was docu-
mented in the MCL during quiet inspiration 
and expiration and on maximum inspi-
ration. The presence of ascites (none, mild, 
moderate, large) and extent of liver below 
the xiphoid (none, <1cm, <2cm, >2cm) was 
also documented. 
Study outcomes
The primary outcome of the study was 
accuracy of the scratch and percussion tests 
in identifying the LLE, deﬁ ned as test result 
within 2cm of the ultrasound reference. This 
was assessed overall and in the subgroups 
of young trainees (trainee interns and 
house surgeons) and experienced exam-
iners (registrars and consultants). The 
secondary outcomes included scratch versus 
percussion test comparisons for examiner 
conﬁ dence in clinical tests, success and 
conﬁ dence with liver palpation, training 
effect and Body Mass Index subgroup 
analysis (BMI<25, BMI 25–30 and BMI≥30). 
Statistical analysis
The dichotomous primary outcome 
measure from the study was the correct 
identiﬁ cation of the LLE within 2cm of the 
ultrasound reference. The nested study 
design meant that all examiners examined 
each participant with both scratch and 
percussion techniques. A generalised 
linear model was used to test the effects of 
examiner (including experience sub-groups) 
and participant BMI on the primary and 
secondary outcomes. The dichotomous 
primary outcome used a generalised linear 
model with a binomial distribution for 
the dependent variable with a logit link 
function. The other outcome measures used 
a generalised linear model with a normal 
distribution and a linear link function. Means 
with standard deviations or 95% conﬁ dence 
intervals were generated from these models 
and were used to summarise the differences 
between groups. A two-tailed p-value <0.05 
was taken to indicate statistical signiﬁ cance. 
Figure 1: Preparation and marking of participants prior to examination.
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Given that each examiner examined all 
participants with both tests, bias at the 
time of the second examination cannot 
be ruled out. Therefore, several results 
were also calculated using only the ﬁ rst 
performed tests.
Results
The same eight examiners examined 50 
participants as per study protocol. The char-
acteristics of our study cohort are shown in 
Table 1. Of the participants, 30% (n=15) were 
inpatients and 70% (n=35) were outpatients 
and/or hospital staff members. 
Ultrasound examination
Ultrasound examination revealed that 
66% of the livers extended below the RCM 
during quiet respiration (n=33; range 
>0–16cm). The mean LLE movement 
during quiet respiration was 1.3cm (range 
0.5–3.5cm; SD 0.67) and from quiet expi-
ration to maximum inspiration, a mean 
of 3.8cm movement was detected (range 
1.5–8cm; SD 1.72). All results of the ultra-
sound examination are detailed in Table 2.
Table 1: Study group characteristics. 
Characteristic Statistic Study group
n=50
Sex (no.) Female 28 (56%)
Male 22 (44%)
Age (years) Mean (range) 48 (20–92)
Height (cm) Mean (range) 170 (150–195)
Weight (kg) Mean (range) 76 (45–128)
BMI (kg/m2) Mean (range) 26.2 (16.7–44.3)
Table 2: Reference imaging results. 
Ultrasound examination findings n (%)
mean in cm (range/ SD)
Ascites 0 (0%)
Livers extending below xiphoid during quiet respiration (stethoscope position)
 >2cm 41 (82%)
 >1–2cm 5 (10%)
 >0–1cm 4 (8%)
 0cm 0 (0%)
Livers extending below RCM in MCL during 
 Quiet expiration 25 (50%)
 Quiet inspiration 33 (66%)
Livers remaining above RCM during quiet respiration 17 (34%)
Livers below RCM in MCL on maximum inspiration 47 (94%)
Livers remaining above RCM on maximum inspiration 3 (6%)
LLE position at (only livers below RCM included; n=25)
 Quiet expiration 2.8cm (0.5–14/ 3.0)
 Quiet inspiration 4.1cm (1–16/ 3.2)
 Maximum inspiration 6.6cm (2.5–17/ 3.3)
Respiratory liver motion in MCL 
 During quiet respiration 1.3cm (0.5–3.5/ 0.85)
 Quiet expiration to maximum inspiration 3.8cm (1.5–8/ 1.7)
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Table 3: Results for scratch test versus percussion.
Scratch test Percussion Significance
Mean di erences 
Compared to ultrasound reference in cm (95%CI)
p-value
Quiet respiration -0.8
(-0.97– -0.66)
-1.1
(-1.25– -0.95)
0.01
Maximum respiration -2.2
(2.38– -2.03)
-2.7
(-2.89– -2.53)
<0.001
Accuracy 
within 2cm of ultrasound reference in % (SD)
Below ribs
Overall 84 (5.2) 81 (4.7) n.s.
Overall (1st) 87 (5.3) 76 (11.2) n.s.
Exp. examiners (1st) 82 (3.3) 77 (5.9) n.s.
Young trainees (1st) 91 (2.9) 75 (14.6) 0.01
Above ribs
Overall 68 (20.4) 83 (13.6) 0.79
Incl. 2cm below ribs 96 (3.5) 96 (2.5) n.s.
Confidence with test result 
Confidence score 0–3
Livers below RCM
Overall 2.2 1.8 <0.001
Overall (1st) 2.3 1.8 <0.001
Young trainees (1st) 2.4 1.7 <0.001
BMI subgroups 
Accuracy within 2cm of ultrasound reference following 1st tests in % (SD)
<25 n=22 95 (21.3) 88 (32.3) 0.17
≥25–<30 n=17 86 (34.8) 76 (43.5) 0.29
≥30 n=11 77 (43.0) 53 (50.7) 0.08
Palpation success 
Lower liver edge following 1st tests in % (SD)
Overall 61.5 (24.3) 61.5 (21.7) n.s.
Exp. examiners 76 (21.9) 73 (18.6) n.s.
Young trainees 47 (16.8) 50 (18.2) n.s.
Test helpfulness for palpation 
Helpfulness score 0–3
Overall 2.0 1.8 0.13
Confidence with liver palpation
Confidence score 0–3
Overall 1.7 1.7 n.s.
Training e ect 
Accuracy within 2cm of ultrasound reference in % (SD)
First 25 subjects Last 25 subjects
Scratch (1st) Overall 88 (5.5) 86 (9.0) n.s.
Exp. examiners 85 (2.8) 80 (8.1) n.s.
Young trainees 90 (6.2) 92 (5.0) n.s.
Percussion (1st) Overall 71 (15.5) 84 (11.3) 0.03
Exp. examiners 71 (11.6) 85 (9.8) 0.08
Young trainees 70 (18.5) 82 (11.1) n.s.
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Accuracy during quiet respiration
Overall, the scratch test accurately iden-
tiﬁ ed 87% of the LLEs that were present 
below the RCM during quiet respiration 
compared to 76% with percussion (only 1st 
tests, p=0.162).
The young trainees achieved a signiﬁ -
cantly better accuracy of 91% with scratch 
testing compared to 75% with percussion 
(only 1st tests, p=0.016) (Figure 2).
The mean difference between the LLE 
estimation by clinical tests compared to the 
ultrasound reference was calculated using 
negative values for underestimation and 
positive values for overestimation of the LLE 
position. The scratch test was overall signiﬁ -
cantly more accurate (p-value=0.01) with 
a mean difference of -0.8cm (95%CI -0.97– 
-0.66) compared to percussion -1.1cm (95%CI 
-1.25– -0.95) (Table 3).
Of the 17 livers that were located behind 
the ribs during quiet respiration (LLE 
location at or above the RCM), 68% and 83% 
were accurately identiﬁ ed as behind the 
ribs with the scratch and percussion method 
(p=0.79). The sensitivity for identifying a 
liver located behind the ribs increased to 
96% for both tests if test results within a 2cm 
margin below the RCM were determined as 
‘correct’ tests (Table 3).
Figure 2: Accuracy within 2cm of the ultrasound reference.
Figure 3: Examiner conﬁ dence with the clinical tests.
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Confidence
All examiners were signiﬁ cantly more 
conﬁ dent with their test results using the 
scratch test compared to percussion in 
identifying the liver below the RCM with an 
average of 2.2 compared to 1.8 on a conﬁ -
dence scale from 0–3 (p<0.001) (Table 3 and 
Figure 3).
Maximum inspiration
The identiﬁ cation of the LLE on maximum 
inspiration was performed to demonstrate 
that clinical tests detect underlying liver that 
moves with respiration. Overall, the scratch 
test identiﬁ ed the LLE signiﬁ cantly better 
(p<0.001) with a mean difference of -2.2cm 
(95%CI -2.38– -2.03) compared to -2.7cm 
(95%CI -2.89– -2.53) with percussion. 
Training
Comparing the examination results for 
the ﬁ rst and last 25 subjects assessed the 
training effect. Only ﬁ rst performed clinical 
tests were included in this analysis. There 
was no training effect with scratch testing 
noted overall or in any subgroup. However, 
accuracies improved from 71% to 84% with 
percussion (p=0.038) (Table 3 and Figure 4).
BMI
The performance of the clinical tests was 
compared between different BMI groups: 
BMI<25 (normal weight and under), BMI 
25–<30 (overweight), BMI ≥30 (obese). There 
was a signiﬁ cant decrease in accuracy with 
increasing BMI (p=0.015) but there was no 
signiﬁ cant difference between the scratch 
and percussion tests within any of the BMI 
groups (Table 3).
Palpation
Only results for palpation following the 
ﬁ rst-performed tests were analysed to avoid 
bias. Both percussion and scratch tests led 
to a mean liver palpation rate of 61.5%. 
However, there were signiﬁ cantly more 
livers palpated successfully in the subgroup 
of experienced examiners following the 
scratch and percussion method with 76 and 
73%, respectively, compared to the young 
trainees with 47 and 50% respectively 
(p<0.001 for both tests) (Table 3 and Figure 5).
Overall, for the scratch and percussion 
tests, 57 and 54% of the palpated livers 
respectively, were identiﬁ ed within the 
ultrasound deﬁ ned range of quiet expiration 
to maximum inspiration. Using palpation 
results within 2cm of this range, 84 and 
82% of livers were palpated following the 
scratch and percussion tests respectively. We 
note that liver palpation is a more dynamic 
technique usually co-ordinated with deep 
breathing and therefore accuracy results 
cannot be directly compared with scratch 
and percussion results, which were strictly 
performed during quiet respiration. 
Liver palpation confidence
Conﬁ dence with liver palpation on a scale 
from 0–3 averaged 1.7 for all examiners. 
There was no statistical difference between 
young trainees and experienced examiners. 
The young trainees and the experienced 
Figure 4: Training effect (only ﬁ rst performed tests included).
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examiners rated their conﬁ dence with 
palpation as 1 in 56% and 49%, as 2 in 36% 
and 39% and as 3 in 8% and 12% respec-
tively (Table 3).
Test helpfulness for palpation
Both clinical tests were felt to be helpful 
for subsequent liver palpation with a mean 
of 2.0 for the scratch test and 1.8 for the 
percussion method (p=0.133) (Table 3).
Discussion
Liver examination performed with 
percussion and palpation requires expe-
rience and remains challenging for young 
trainees. We compared the scratch test, a 
newer and possibly easier examination 
method for trainees, with percussion in a 
randomised trial. 
We found that the accuracy of the scratch 
test in identifying the lower liver edge was 
similar overall to the percussion method but 
was signiﬁ cantly better than percussion in 
the young trainee group. Furthermore, both 
clinical tests performed considerably better 
than previously reported.1,7–12 We have 
reviewed our ﬁ ndings compared to earlier 
published results. 
Sullivan et al used hepatic scintiscan as 
a reference and in this study the upper 
liver border was always percussed and the 
LLE identiﬁ ed by percussion, scratch or 
palpation.1 As in our study, accuracies of 
scratch and percussion tests were similar, 
although accuracies within 2cm of the 
reference were only 42% and 40% respec-
tively. However, these results cannot be 
compared with ours as the liver size was 
assessed rather than LLE and the major vari-
ation affecting accuracy resulted from upper 
liver border percussion variability leading to 
a signiﬁ cant underestimation of the liver size. 
Only three studies in the English literature 
have assessed the scratch test by using ultra-
sound as a reference and have come to quite 
differing conclusions.7,8,9 Fuller et al used the 
scratch test as an adjunct to percussion and 
palpation to identify the LLE and accuracy 
of trainees improved from 44% to 78%.7 
This appears similar to our results of 84% 
accuracy overall for the scratch test alone 
and a subsequent successful palpation rate 
of 61.5%. However, the poor performance of 
percussion in this study deviates from our 
results and is diﬃ  cult to explain. 
In a second study using ultrasound as 
a reference, the scratch test was reported 
to be unreliable for detecting the LLE.8 
However, no landmarks were deﬁ ned and 
clinical tests were performed in end-tidal 
inspiration whereas the ultrasound 
reference was performed in suspended 
end-tidal inspiration.
During a pilot study conducted by our 
study group it became apparent that the 
measurement of the LLE position by scratch 
Figure 5: Liver palpation rate following clinical tests.
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and percussion testing was only adequately 
reproducible and comparable when 
performed along a pen marked MCL that 
included measurement markings. Without 
this, there is a wide possible measurement 
area and poor intra- and inter-examiner 
agreement occurred. This was also reported 
in a study from Naylor et al who observed 
variations in estimating the position of 
the MCL of up to 10cm between different 
examiners.10 Only the studies from Fuller 
and Gupta et al recognised this considerable 
source of error whereas most others appear 
not to have predeﬁ ned relevant landmarks.7,9 
We also found that any interference with 
normal breathing activity affected reproduc-
ibility. Therefore we chose to assess clinical 
tests during quiet respiration, accepting 
that the true LLE position in our study and 
in ‘real life’ is in fact a 1.3cm wide band 
given the average liver motion during quite 
respiration in our cohort. This ﬁ nding is 
in keeping with previous imaging studies 
that have reported an average liver motion 
of 1.0–2.5cm during quiet, and 3.7–5.5cm 
during maximum, respiration.13–15
In the most recent study by Gupta et al, 
skin markings were made and subsequently 
excellent inter-examiner agreement was 
found, however, ultrasound reference 
measurements were performed after the 
command ‘hold your breath’, which was 
not given prior to the scratch test.9 In our 
experience, such a command always led 
to a variable inspirational effort that was 
neither reproducible nor in keeping with 
the lower liver edge position during quite 
respiration. It appears that this study 
therefore contains a variable systematic 
error that is not correctable and probably 
contributed to the reported poor accuracy 
of 37% for the scratch test.
It seems that the absence of deﬁ ned land-
marks, inadequate reference imaging or 
inappropriate timing of reference imaging 
were the most likely causes for the signiﬁ -
cantly lower performance outcome of the 
scratch and percussion tests in previous 
studies. 
Furthermore, our stethoscope position 
directly below the xiphoid is closer to the 
liver surface than in most previous studies 
where the stethoscope was placed on the 
xiphisternum or in various locations above 
the ribs, which may have affected sound 
transmission. However, to our knowledge 
this variable has never been assessed. 
Interestingly, a signiﬁ cant training effect 
was only noted with the percussion method 
(p=0.038) but not with scratch testing 
where the performance was excellent from 
the start. Also compelling is the lack of a 
training effect with scratch testing, given 
the few training sessions prior to our study. 
Percussion was also performed during 
these sessions to calibrate the technique 
and for comparison, and yet there was an 
ongoing training effect for percussion. This 
is surprising as the technique forms part 
of the standard clinical examination and is 
formally taught and assessed throughout 
medical training, raising concern that 
periodic training may be required to 
maintain expertise in percussion. 
From our own experience we also note the 
added diﬃ  culty in performing percussion 
conﬁ dently compared to the scratch test in 
a noisy environment, which is frequently 
encountered in emergency departments or 
medical wards. Our study was performed in 
a highly controlled and quiet environment, 
however, despite this conﬁ dence in the test 
result was signiﬁ cantly better for the Scratch 
test. We speculate that this difference may 
be even more relevant in above clinical real 
life scenarios.  
Not surprisingly, our study and the 
study from Gupta et al clearly showed 
that increasing BMI worsens clinical test 
accuracy.9 
The examiners rated clinical tests after 
each examination in regards to their help-
fulness for subsequent liver palpation and 
there was no statistical difference noted 
between scratch and percussion tests. Even 
in the young trainee group where the scratch 
test achieved a signiﬁ cantly better accuracy, 
the subsequent liver palpation rate remained 
statistically similar to that following 
percussion, and this accuracy advantage may 
therefore not be clinically relevant. 
As expected, experience was associated 
with a signiﬁ cantly more accurate palpation 
rate of over 70%, however, the ability to 
feel details of the liver surface (conﬁ dence 
rating 3) was only achieved in 12% of all 
palpated livers and this was only marginally 
superior to the trainee group. This appears 
disappointing, however, our cohort was 
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overweight on average (average BMI>26) 
and not preselected for liver disease. The 
presence of cirrhosis or liver malignancy 
is likely to increase palpation success and 
conﬁ dence given the associated alterations 
in liver edge position and ﬁ rmness. This is 
underlined by a study from Zoli et al that 
reported an excellent palpation rate of over 
95% in a cirrhosis cohort.4 
Our study only assessed the performance 
of the clinical tests in identifying the LLE 
and not the liver span. This was based on 
the facts that the liver span does not appear 
to correlate well with liver volume and that 
the upper liver border is hidden in the depth 
of the rib cage, which leads to a poor perfor-
mance of sound transmission based clinical 
tests.1–4 We believe that the true value of 
percussion and especially the scratch test 
lies in facilitating within a few seconds a 
conﬁ dent and targeted palpation of the LLE 
and liver surface. In our experience, using 
targeted light palpation is then already 
frequently successful. On the basis of our 
study results we suggest such a targeted 
approach as an alternative to the existing 
clinical examination methods of the liver. 
Conclusion
We conclude that the accuracy of 
percussion and scratch testing to locate 
the lower liver edge is considerably better 
than previously reported. The scratch test 
performed with the stethoscope directly 
below the xiphoid is at least as accurate as 
percussion overall and signiﬁ cantly more 
accurate for young trainees. Furthermore, 
the scratch test was easier to learn, achieved 
excellent results from the start and all exam-
iners were signiﬁ cantly more conﬁ dent with 
their results using the scratch test compared 
to percussion. Given our results, we suggest a 
targeted liver palpation approach following 
a conﬁ dent scratch or percussion test result 
as an alternative to the existing clinical 
examination methods of liver palpation. 
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